Background: Functional status is a simple and rapidly assessable metric that may be used as a predictor for surgical outcomes. This study examined the association of functional status with short-term mortality after abdominal aortic aneurysm (AAA) repair in octogenarians to characterize the utility of functional status as a means of preoperative risk assessment.
The number of Americans aged >80 years continues to rise, with an associated increase in age-associated surgical conditions, including abdominal aortic aneurysms (AAAs). 1 The advent of endovascular AAA repair (EVAR) and the general improvement of perioperative management 2 has improved operative outcomes; however, the operative risk still remains high in elderly patients. 3 The ability to accurately assess surgical risk in this population is becoming increasingly important. Functional status is a simple and rapidly assessable metric that may be used as a predictor for surgical outcomes. Several recent studies have examined functional status as a risk factor for operative risk. Scarborough et al 4 demonstrated preoperative functional dependency is an independent risk factor for mortality in a National Surgical Quality Improvement Program (NSQIP) study capturing >10,000 patients undergoing major general and vascular operations. Although a large cohort, this study did not specifically examine AAA operations.
Multiple surgical specialties have examined functional status as a predictor of poor outcomes and found correlations with morbidity or mortality. [5] [6] [7] [8] [9] [10] [11] Specifically in the octogenarian population, recent Veterans Affairs (VA) Surgical Quality Improvement Program (VASQIP) data demonstrated functional capacity is a significant independent predictor of postoperative morality in American Society of Anesthesiologists Physical Status Classification III patients undergoing noncardiac operations. 12 No study to date has examined functional status in the octogenarian population undergoing AAA repair as a predictor of postoperative morbidity and mortality. The present study was undertaken to address this gap in the literature to support the use of functional status as a means of preoperative risk assessment in the octogenarian AAA population. We hypothesized that functional status would be an independent predictor of morbidity and mortality in this cohort.
METHODS
Prospectively collected data from the VASQIP were analyzed retrospectively. VASQIP is a qualitymanagement initiative database in which all 123 VA Medical Centers that perform major surgery participated during the time frame of the study. VASQIP is designed to record and enhance the quality of surgical care at VA hospitals. Preoperative, operative, and postoperative data are collected prospectively by trained nurse reviewers from concurrent record review, physician interview, and patient follow-up. Patient outcomes are assessed 30 days postoperatively, and deaths are verified against the VA Beneficiary Identification and Records Locator System death records. 13 The Washington DC VA Medical Center Institutional Review Board approved this study and verified that no patient consent was required. (Table I ). All patient identifiers were stripped from the database used for analysis by the VASQIP database steward.
Measures. Functional status within the VASQIP database is captured as a 3-point ordinal scale (1 ¼ completely independent, 2 ¼ partially dependent on others for activities of daily living [ADLs] or dependent on medical technology, 3 ¼ totally dependent on others for ADLs). For the purpose of analysis, this 3-point scale was converted into a binomial scale of function, with "normal" including 1 (completely independent) and "abnormal" including 2 or 3 (partially to totally dependent). This choice of division for statistical analysis stemmed from the small number of patients with functional status 3 (n ¼ 54).
Data analysis. Patients were divided into two groups by age <80 vs $80 years old. These cohorts were further subdivided by normal vs abnormal functional status. Demographics, risk factors, and outcomes were compared between groups using c 2 or between-groups t-tests (Table II) . Multivariate logistic regression was used to examine the independent effect of functional status on 30-day mortality, controlling for potential confounds, including demographics and comorbidities. Finally, Cox proportional hazard models were created to evaluate the effect of abnormal functional status on short-term mortality, accounting for time at risk. Covariates chosen for inclusion in the Cox proportional hazard models included preoperative demographics and risk factors that were statistically different between the $80-yearold normal and abnormal functional status groups (Table II) . These included diabetes, history of congestive heart failure, history of cerebrovascular accident, history of chronic obstructive pulmonary disease (COPD), and baseline renal function as measured by serum creatinine. All data analysis was conducted using SAS 9.3 software (SAS Institute Inc, Cary, NC).
RESULTS
Between 2002 and 2010, 9030 patients underwent AAA repair as identified by the VASQIP database. EVARs represented 53.4% (n ¼ 4822) of this group vs 46.6% (n ¼ 4208) performed open. At the time of surgery, 1340 patients were $80 years old, with 902 (67.3%) of these individuals undergoing EVAR. Of note, as with most of the data based on the Veteran population, the defined cohort included only a small fraction of women (n ¼ 46), representing 0.5% of the cohort.
Demographics and risk factors differed between the younger and older cohorts, with those $80 years old more likely to be women, have a history of stroke, have worse baseline creatinine, be listed as emergency or ruptured status, or have impaired functional status (9.6%). The older cohort was less likely to be diabetic, a smoker, or have COPD (all P < .05; Table I ). When further subdivided by functional status, those with impaired function at baseline were more likely to have diabetes, congestive heart failure, prior stroke, COPD, and elevated baseline creatinine in all ages (all P < .05; Table II) .
Thirty-day mortality was 2.8% for the entire cohort, with 1.7% in the EVAR group and 4.2% in the open group (P < .001). Among those #80 years old, mortality in the open group was 4.9%. Thirty-day mortality was 2.9% among octogenarians undergoing EVAR and 9.1% in the open group (P < .001). In patients $80, operative mortality and 30-day mortality was worse, length of stay (LOS) was longer, and the cardiac and renal morbidity rates were higher (all P < .05; Table I ).
Examination of the cohorts further subdivided by functional status demonstrated worse 30-day mortality, longer LOS, and higher rates of pulmonary complications among those with impaired functional status in the group #80 years old. For octogenarians with abnormal functional status, operative mortality (P ¼ .002) and 30-day mortality (P < .001) were higher, as were LOS (P ¼ .001) and the incidence of pulmonary complications (P ¼ .025). The incidence of cardiac and renal complications was not significantly different in the $80 group (Table III) . When only the cohort undergoing EVAR was examined, overall 30-day mortality was 1.66% (80 of 4822). In this group, abnormal functional status was significant on c 2 analysis (P < .001).
A multivariate logistic regression was undertaken to examine the effect of functional status on 30-day mortality when controlling for other factors. Age was not assessed in this regression model because it is already a known surgical risk factor and we sought to examine risk factors within groups that were already stratified by age. This analysis demonstrated a relationship between Age $80 mortality and baseline creatinine, COPD, and functional status in the younger cohort; however, only functional status remained a significant predictor of mortality within the $80-year-old cohort, (P < .001; Table IV ). In addition, the strength of association between functional status and mortality was greater in the older cohort than in the younger one (Cox regression hazard ratio: 3.13 vs 2.18).
DISCUSSION
The aging population has presented a new set of challenges for surgeons of all specialties. In conjunction with the use of less invasive techniques, the octogenarian presenting for surgical evaluation has created questions regarding how best to perform an accurate preoperative risk assessment. Age as a risk factor for increased morbidity and mortality after surgery has been well established 14 ; however, the use of age alone for risk stratification is inadequate. To broaden our ability to accurately assess patients in the preoperative period beyond just age as a risk stratifier, multiple other risk assessment guidelines have been published.
In 2012, the American Geriatrics Society published guidelines for optimal preoperative risk assessment in the geriatric surgical patient that detailed an extensive checklist, including an assessment of cognitive ability, nutritional status, frailty and functional status, depression, substance abuse screening, and cardiac and pulmonary evaluations. 15 Cardiac-specific surgical risk models have also been developed, such as the European System for Cardiac Operative Risk Evaluation, which considers patient demographics, cardiac function, and operative factors. 16 Multiple studies have explored the concept of "frailty" as a surrogate for age and a marker for surgical risk. Velanovich et al 11 used an 11-point frailty index (FI) within a
NSQIP database study to demonstrate increased morbidity and mortality in those with a higher FI across all surgical specialties. In a similar study, Karam et al 17 validated these results in those undergoing common vascular procedures, with FI having the highest odds ratio for mortality. In a prospective observational study in patients aged >60 years undergoing arterial vascular intervention, Partridge et al 18 showed that the combination of frailty, impaired functional status, and cognitive 19, 20 our analysis found functional status was the only predictor that remained significant on multivariate analysis in the $80 population. As with other surrogate markers for specific outcomes, impaired functional status is not the root cause for poor outcomes; however, it portends contaminant conditions that contribute to a generally higher risk for significant morbidity and mortality. Risk-to-benefit analysis is of particular importance in octogenarian population given the patients' already known increased operative risk due to age alone. Although a FI or more comprehensive evaluation is ideal, a concise and rapid assessment for the surgeon is needed. Functional status assessment is a simple and easily obtained parameter in a preoperative clinic visit. In addition, knowledge of a patient's poor functional status can alert the care team to a patient's potential for increased postoperative complications and highlight the need for early mobilization postoperatively.
This study has some important limitations. This is a retrospective study and is subject to the limitations intrinsic to all retrospective reviews, namely, the potential for uncontrolled and unknown bias. In addition, the VASQIP database has some inherent limitations. The VASQIP database includes only 30-day mortality, precluding analysis of longer-term outcomes. In addition, the use of age-determined cohorts in our regression analysis precludes our ability to determine the independent effect of age as a risk factor for morbidity and mortality.
The population studied is a Veteran population that is predominantly male. Given the very small cohort of women in our study (0.5%), these results may not be applicable to the general, non-Veteran population. The incidence of AAA disease in women, in particular, is lower across the general population due to the theoretically protective effects of estrogen; however, when women do develop aneurysms, the natural history appears to be more aggressive. 21 In general, many of the large investigations on AAA repair are limited by a small cohort of women. Although this reflects the increased prevalence of aneurysms in men, many of these studies, including ours, cannot be generally applied to women. Even the UK Small Aneurysm trial, which had the highest proportions of women (17%), studied just 188 patients. 22 The Open vs Endovascular Repair trial, which studied EVAR vs open AAA repair in the VA population, used a study group in which 99% of participants were male. 23 In the Aneurysm Detection and Management trial, also a VA initiative, women represented <2% of the overall study participants, with overall higher rates of rupture, rupture-related operative mortality, and elective operative mortality. 24 Overall, more research is needed to better understand AAA disease in women, the threshold for repair, and risk factors associated with increased morbidity and mortality. Despite these limitations, this study represents a large cohort of patients from multiple centers. We believe that our findings can be generally extrapolated to the male population, particularly in those patients aged >80 undergoing AAA repair.
CONCLUSIONS
Functional status is a simple and rapidly applicable predictor of mortality within all AAA patients and may be a useful tool to help preoperatively risk-stratify elderly patients presenting with AAA in need of repair. Further studies are needed to understand how best to apply these data to the clinical setting to guide preoperative decision making. 
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